V. 3. 3- APl - HAR HARRI SBURG ( MARFC) API - RUNOFF OPERATI ON

ldentifier: API-HAR

Application: All Prograns

Description: This Operation cal cul ates Antecedent Precipitation
I ndi ces (API), Antecedent Evapotranspiration Indices (AEl), Fina
I ndi ces (FI) and runoff anounts for a given runoff zone

The data tinme interval of these variables can be 1, 2, 3, 4, 6, 8, 12
and 24 hours depending on the data time interval specified when the
Operation is initialized. |Input data are zonal potentia
evapotranspiration and zonal rain/nelt.

Speci al provisions of this Operation include:

1. The minimum period for which the Operation can be executed is 1
day. Operationally the day ends at 12Z.

2. The data time interval for rain/nmelt and runoff can be 1, 2, 3,
4, 6, 8, 12 and 24 hours and is specified by the user when the
Operation is initialized.

3. Input values of zonal potential evapotranspiration are daily
val ues.
4. Initial carryover values may be specified by the user when the

Operation is initialized for a runoff zone. These variables
are: 127 APlI, 12Z AEl, 12Z FI, 12Z storm AP, 127 storm AEI
12Z storm Fl, rain/nmelt of current storm runoff from current
storm 24 hour rain/nelt, 24 hour runoff and rain/nelt for each
period in the new storm w ndow (up to 24 val ues).

5. The option is available to allow the user to request output
time series containing stormAPI, storm AEl and storm FI
values, with all three tinme series possessing the sane data
tinme interval as the rain/nmelt and runoff time series.

Devel oped by: Mddle Atlantic River Forecast Center

Al l owable Data Tine |Intervals: 1, 2, 3, 4, 6, 8, 12 and 24 hours

Time Series Used: Tinme series used in this Operation are as foll ows:

Form of Data M ssi ng

Qut put Ti me Val ues
General Type Dm Units Use Required T.S. Interval All owed
Rai n/ mel t L VM I yes N A vari abl e no
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Potential ET L VM I yes N A 24 no
Runof f L VM @] yes repl aces variable no
Storm FI DLES R @) no repl aces variable no
St orm API L VM @) no repl aces variable no
St or m AEI L VM @) no repl aces variable no
I nput Summary: The card input for this Operation is as foll ows:
Card For mat Colums Contents
1 2A4 1-8 Runof f zone identifier
6X, 5A4 15-34 Runof f zone nane
5X, 14 40- 43 Runof f zone number; not used by
Operation - for external use only; range
is 0 through 1000
6X, F5. 2 50- 54 Latitude (units of deci mal degrees) of
the centroid of the runoff zone; not
used by Operation - for external use
only; range is 36.00 through 43.50
5X, F5. 2 60- 64 Longitude (units of deci mal degrees) of
the centroid of the runoff zone; not
used by Operation - for external use
only; range is 73.50 through 83.50
2 F5.3 1-5 Zone runoff adjustnment factor; range is
0. 00 through 5.00
F5. 3 6-10 24 hour APl recession factor; range is
0.75 through 0.99
F5.3 11-15 New stormrain/melt limt (units of IN);
range is 0.00 through 1.00
F5. 2 16- 20 Upper linmt for AEl (wi nter curve);
hi ghest allowed value is 11.00 IN
F5. 2 21-25 Bottomlimt for AEl (wi nter curve);
| owest allowed value is 1.00 IN
F5. 2 26- 30 Upper linmt for AEl (sumrer curve);
hi ghest allowed value is 11.00 IN
F5. 2 31-35 Bottomlimt for AEl (summer curve);
| owest allowed value is 1.00 IN
3 15 1-5 APl / AEI/ FI curve nunber; range is 1-20
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Cont ent s

15 6-10
15 11-15
15 16- 20
15 21-25
4 2A4 1-8

3X, A4 12- 15

4X, 2A4 20- 27

3X, A4 31- 34

5X, 2A4 40- 47

3X, A4 51- 54

Card 5 is needed if FI

Data time interval of rainfall/melt and
runoff tinme series and of the FI, API
and AEl tinme series if requested (units
of HR)

New st orm wi ndow (units of HR); range is
1-24 and nust be a nultiple of the basic
data tinme interva

Indicator if to save FlI, APl and AEI
tine series:

0 no - do not save

1 yes save

I ndicator if to read initial carryover
val ues:

0 = no - do not read

1 = yes - read

Internal identifier of rain/nelt tine
seri es

Data type code of rain/nelt tinme series

Internal identifier of potentia
evapotranspiration time series

Data type code of potentia
evapotranspiration time series

Internal identifier of runoff tine
seri es

Data type code of runoff tine series

APl and AEl tine series are to be
generated. The API/AEl/FI

time series output indicator (colums

16-20 of card 3) nust contain a positive non-zero value if card 5

is to be read.
5 2A4 1- 8
3X, A4 12-15
4X, 2A4 20- 27
3X, A4 31-34
5X, 2A4 40- 47

3X, A4 51- 54

Internal identifier of FI time series
Data type code of FI tinme series
Internal identifier of APl time series
Data type code of APl time series
Internal identifier of AElI time series

Data type code of AEl tinme series

Cards 6 and 7 are needed if actual carryover values are to be
i nput. The input carryover indicator (colums 21-25 of card 3)
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Card For mat Col ums Contents

must contain a positive non-zero value if these cards are to be
read. If any values are entered all nust be entered. If initial
carryover values are not read default values are used. Defaults
are 1.0 for APl values, 5.0 for AEl values, 2.6 for FI val ues and
0.0 for all other val ues.

6 F5. 2 1- 5 127 APl value (units of IN); range is
0.10 through 60.00
F5. 2 6-10 127 AEl value (units of IN); range is
1.00 through 11.00
F5. 2 11-15 127 FI value; range is 0.10 through
10. 00
F5. 2 16- 20 12Z storm APl (units of IN); range is
0.10 through 60.00
F5. 2 21-25 12Z storm AEl (units of IN); range is
1.00 through 11.00.
F5. 2 26- 30 127 storm Fl; range is 0.10 through
10. 00
F5. 2 31-35 Rain/melt in current storm (units of
IN); range is 0.00 through 60.00
F5. 2 36-40 Runoff in current storm (units of IN);
range is 0.00 through 60.00
F5. 2 41-45 24 hour rain/melt (units of IN)
F5. 2 46-50 24 hour runoff (units of IN)
7 12F5. 2 1-60 Rain/melt for each period in the new

storm wi ndow (units of IN); nunber of
val ues needed is equal to the new storm
wi ndow di vided by the basic data tine
interval; if nore than 12 val ues needed
repeat card 7

Sanple Input and Qutput: Sanple input is shown in Figure 1. Sanple
output fromthe paranmeter print routine is shown in Figure 2. There
is no execution routine output.

Error and WArni ng Messages: The error and warning nessages generated
by this Operation and the corrective action to take when they occur
are as follows:

1. ** ERROR **
| LLEGAL ZONE RUNOFF FACTOR:  X. XX
LIMTS ARE 0. 00 THROUGH 5. 00
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A VALUE OF 0. 00 MEANS NO ADJUSTMENTS TO API - HAR
COVPUTED RUNCFF.

Action: Change the zone runoff adjustnent factor on card 2.

2. ** ERROR **
| LLEGAL 24- HOUR APl RECESSI ON FACTOR : X XX
LIMTS ARE 0. 75 THROUGH 0. 99.

Action: Change the 24 hour APl recession factor on card 2.

3. ** ERROR **
| LLEGAL NEW STORM RAI N MELT LIMT : X XX
LIMTS ARE 0. 00 THROUGH 1. 00 | NCHES.

Action: Change the new stormrain/nelt limt on card 2.

4. ** ERROR **
| LLEGAL UPPER LIM T FOR AElI (W NTER CURVE) : XX XX
LIMTS ARE 9.50 THROUGH 11. 00 | NCHES.

Action: Change AEl upper linmt on card 2.

5. ** ERROR **
| LLEGAL LOMER LIMT FOR AEI (W NTER CURVE) : X XX
LIMTS ARE 1. 00 THROUGH 1. 90 | NCHES.

Action: Change AElI lower linmit on card 2.

6. ** ERROR **
| LLEGAL UPPER LIMT FOR AElI (SUMMER CURVE) : XX XX
LIMTS ARE 9.50 THROUGH 11. 00 | NCHES.

Action: Change AEl upper linmt on card 2.

7. ** ERROR **
| LLEGAL LOMER LIMT FCOR AElI (SUMMER CURVE) : X XX
LIMTS ARE 1. 00 THROUGH 2. 00 | NCHES.

Action: Change AElI lower linmit on card 2.
8. ** ERROR **
| LLEGAL API/ AEI/FI CURVE NUMBER : XX
LIMTS ARE 1 THROUGH 21.
Action: Change the API/AElI/FI curve nunber on card 3.
9. ** ERROR **
| LLEGAL TIME STEP | NTERVAL : XX
LEGAL VALUES ARE 1, 2, 3,4,6,8,12 R 24 HOURS.
Action: Change the tinme step interval on card 3.
10. ** ERROR **

| LLEGAL NEW STORM W NDOW : XX
LEGAL VALUES ARE 1, 2, 3,4,6,8,12 OR 24 HOURS.
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Action: Change the new storm w ndow on card 3.

11. ** ERROR **
THE NUMBER OF PERI ODS CALCULATED FROM THE SPECI FI ED NEW STORM
W NDOW | S LESS THAN 1.
LIMTS ARE 1 THROUGH 24.

Action: Change the time step interval and/or the new storm
wi ndow on card 3.

12. ** ERROR **
THE NUMBER OF PERI ODS CALCULATED FROM THE SPECI FI ED NEW STORM
W NDOW | S GREATER THAN 24.

Action: Change the time step interval and/or the new storm
wi ndow on card 3.

13. ** ERROR **
| LLEGAL 12Z APl VALUE : XX XX
LIMTS ARE 0.10 THROUGH 60. 00 | NCHES.

Action: Change the 12Z APl value on card 6.

14. ** ERROR **
| LLEGAL 12Z AElI VALUE : XX XX
LIMTS ARE 1. 00 THROUGH 11. 00 | NCHES.

Action: Change the 12Z AElI value on card 6.

15. ** ERROR **
| LLEGAL 12Z FI VALUE : XX XX
LIMTS ARE 0. 00 THROUGH 10. 00.

Action: Change the 12Z FI value on card 6.

16. ** ERROR **
| LLEGAL 12Z STORM APl VALUE : XX XX
LIMTS ARE 0.10 THROUGH 60. 00 | NCHES.

Action: Change the 12Z storm APl val ue on card 6.

17. ** ERROR **
| LLEGAL 12Z STORM AElI VALUE : XX XX
LIMTS ARE 1. 00 THROUGH 11. 00 | NCHES.

Action: Change the 12Z storm AEl val ue on card 6.
18. ** ERROR **
| LLEGAL 12Z STORM FI VALUE : XX XX
LIMTS ARE 0. 00 THROUGH 10. 00.
Action: Change the 12Z storm FI val ue on card 6.
19. ** ERROR **

| LLEGAL STORM RAI N MELT VALUE AT 12Z : XX XX
LIMTS ARE 0. 00 THROUGH 60. 00 | NCHES.
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Action: Change the stormrain/nmelt value at 12Z on card 6.

20. ** ERROR **
| LLEGAL STORM RUNOFF VALUE AT 12Z : XX XX
LIMTS ARE 0. 00 THROUGH 60. 00 | NCHES.

Action: Change the stormrunoff value at 12Z on card 6.
21. ** ERROR **
| LLEGAL RAIN MELT TOTAL I N THE NEW STORM W NDOW :  XX. XX
LIMTS ARE 0. 00 THROUGH 60. 00 | NCHES.

Action: Change the rain/nelt value for each period within the
new storm wi ndow on card 7.

Carryover Transfer Rules: The followi ng rules are used during the
carryover transfer process for this Operation:

1. Checks are made to see if the conputational time step interval
and the new storm wi ndow have been changed:

a. If the conputational tinme step interval has changed then
all rain/nelt values in the new storm w ndow are set to
zero regardl ess of what may have happened to the size of
the new storm w ndow.

b. If the new storm w ndow has increased (while the
conmputational tine step interval has remai ned constant)
then the existing rain/melt values within the new storm
wi ndow are padded with zeros.

c. If the new storm w ndow has decreased (while the
conmputational tine step interval has remai ned constant)
then the extraneous rain/nelt values within the new storm
wi ndow are set to zero.

I f changes have been nade to either the conputational tine step
interval or the new storm wi ndow Operation shoul d be executed
for as far back in time as possible to update the carryover.

2. No validity checks or alterations are made to any of the other
val ues during the carryover transfer process.

Punched Card Linitations: The punched card rules for this Operation
are as follows:

1. The format of punched cards is identical to those described in
the I nput Card Sunmary of this docunentation.

2. No checks are made for the validity of the paranetric or
carryover data during the punching process.

3. Carryover values may be defaulted if desired. |In this case,
cards 6 and 7 will not be punched for a given runoff zone. The
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i nput carryover indicator (Columms 21-25 of Card 3) wll
correspondingly be punched with a zero val ue.
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Figure 1. Sanple

card i nput for Cperation API-HAR

- Colum -
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
B L T e e R e e I LT TR Iy Sty i T
API - HAR PORSE
PORSE BLUERI DGE- PT OF ROCK 106 39.5 77.48
0. 0000. 9000. 10011. 00 1.5011.00 2.00
20 6 12 0 1
PORSE RAI M MVBY MAPE PORSE I NFW
1.00 3.50 1.70 0.10 1.00 0.10 0.00 0.00 0.00 0.00
0.0 0.0
Figure 2. Sanple output from Cperation API-HAR print paraneter
routine
API - HAR  OPERATI ON NAME=PORSE PREVI OUS NAME=
APl - HAR PARAMETER VALUES FOR BLUERI DGE- PT OF ROCK
| NTERNAL
VARI ABLE
NAME DESCRI PTI ON CONTENTS
IVERS .... APl - HAR VERSION NUMBER ............... 1
RI D .... 8-LETTER RUNOFF ZONE |.D. .............. PORSE
RNAME .... 20-LETTER RUNOFF ZONE NAME ............. BLUERI DGE- PT OF ROCK
IRNUM . ... RUNOFF ZONE NUMBER ..................... 106
RLAT LATI TUDE OF R. O. ZONE CENTROI D ( DEG DEC) 39.50
RLNG ... LONGI TUDE OF R.O. ZONE CENTROI D (DEG DEC) 77.48
RFCTR .... BASIN RUNOFF ADJUSTMENT FACTOR ......... 0.00
R24 24- HOUR APl RECESSION FACTOR ........... 0.900
PMAX .. STORM BREAK RAI N/ MELT CRITERION ........ 0.10
ULIMW.... UPPER LIMT FOR AElI (W NTER CURVE) ..... 11.00
BLIMW.... BOTTOM LIMT FOR AEI (W NTER CURVE) .... 1.50
ULIMS .... UPPER LIMT FOR AEl (SUMMER CURVE) ..... 11.00
BLIMS .... BOTTOM LIM T FOR AEl (SUMMER CURVE) 2.00
KURV .. API/AEI/FI CURVE NUMBER ................ 20
| DELTA. ... COMPUTATI ONAL TI ME STEP | NTERVAL ( HOURS) 6
NSW .... NEW STORM W NDOW (HOURS) ............... 12
NSPER .... NUMBER OF PERIODS IN NSW............... 2
I USEC .... NUMBER OF WORDS USED I N THE CO ARRAY ... 12
| OFAAA. ... |/ 0O FLAG FOR API, AEl & FI TIME SERIES 0
(0 = DON<T SAVE AS TS, 1 = SAVE AS TS)
| COF CARRYOVER I NPUT FLAG ................... 1
(0 = USE DEFAULTS, 1 = READ | NPUT)
TI ME SERI ES USED BY THE APl - HAR OPERATI ON
TS I.D. TYPE DESCRI PTI ON TI ME | NTERVAL
PORSE RAI' M RAI NFALL/ MELT 6 HOURS
MSY MAPE POTENTI AL EVAPOTRANSPI RATI ON 24 HOURS
PORSE I NFW RUNOFF 6 HOURS

APl - HAR CARRYOVER VALUES FOR BLUERI DGE- PT OF ROCK

| NTERNAL

VARI ABLE
NAME DESCRI PTI ON CONTENTS
TAPI 12Z APl .. 1.00
TAEI 12Z AEl ... 3.50
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TFI L. 12Z F0 1.70

SAPI .... STORM APl AT 12Z .............. 0.10
SAEI .... STORM AElI AT 12Z .............. 1.00
SFI ... STORM FI AT 12Z ............... 0.10
SRAIM .... STORM RAI N/ MELT AS OF 12Z ..... 0.00
SRO .... STORM RUNOFF AS OF 12Z ........ 0.00
DRAIM .... 24-HOUR RAI N/ MELT ENDI NG 12Z .. 0.00
DRO .... 24-HOUR RUNOFF ENDI NG 12Z ..... 0.00

RAI N/ MELT FOR EACH PERI OD W THI N THE NEW STORM W NDOW ( OLDEST PERIOD IS FI RST):
0.00
0.00
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